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I n t r o d u c t i o n  

Zn t h e  chemica l  d e s u l f u r i z a t i o n  p r o c e s s  b e i n g  developed a t  t h e  
Ames Labora tory ,  c o a l  i s  leached  w i t h  a d i l u t e  s o l u t i o n  of sodium 
c a r b o n a t e  c o n t a i n i n g  d i s s o l v e d  oxygen under  p r e s s u r e  and a t  e l e v a t e d  
tempera ture .  For  many c o a l s ,  most of  t h e  i n o r g a n i c ' s u l f u r  c a n  be  
removed, and t h e  o r g a n i c  s u l f u r  c o n t e n t  can be  reduced  by 25-40% 
( 1 , Z ) .  I n  some i n s t a n c e s ,  as much as 70% of t h e  o r g a n i c  s u l f u r  h a s  
been removed. An e s s e n t i a l  p i e c e  of  i n f o r m a t i o n  i n  e v a l u a t i n g  t h e  
e f f e c t i v e n e s s  of  a p r o c e s s  f o r  t h e  removal  of  o r g a n i c  s u l f u r  i s  t h e  
i d e n t i . t y  and r e a c t i v i t y  of t h e  v a r i o u s  s u l f u r  f u n c t i o n s  grouped under  
t h e  term "organic  s u l f u r . "  

Although much d a t a  is  a v a i l a b l e  on t h e  c o n t e n t  and d i s t r i b u t i o n  of 
the s o - c a l l e d  p y r i t i c ,  s u l f a t i c ,  and o r g a n i c  s u l f u r  i n  v a r i o u s  c o a l s ,  
rei-atively l i t t l e  h a s  been p u b l i s h e d  on t h e  n a t u r e  and abundance of 
t h e  o r g a n i c  s u l f u r  g r o u p s  i n  c o a l .  E s s e n t i a l l y  no d a t a  a r e  a v a i l a b l e  
on  t h e  r e a c t i v i t y  of  such  f u n c t i o n a l  groups  under  o x i d i z i n g  c o n d i t i o n s ,  
such a s  t h o s e  found d u r i n g  o x y d e s u l f u r i z a t i o n .  I n  f a c t ,  no c o m p l e t e l y  
s a t i s f a c t o r y  method e x i s t s  as y e t  f o r  t h e  d i r e c t  d e t e r m i n a t i o n  of  or-  
g a n i c  s u l f u r  i n  c o a l ,  a l t h o u g h  a few methods a r e  b e i n g  developed .  
These methods are based  e i t h e r  on microprobe  a n a l y s i s  ( 3 , 4 ) ,  o r  on  low- 
k m p e r a t u r e  a s h i n g  of  t h e  o r g a n i c  components of c o a l  ( 5 ) ,  o r  on t h e i r  
t h e r m o k i n e t i c  r e d u c t i o n  t o  hydrogen s u l f i d e  ( 6 ) .  A s  a r o u t i n e ,  however, 
o r g a n i c  s u l f u r  i s  s t i l l  b e i n g  de termined  as t h e  d i f f e r e n c e  between t h e  
t o t a l  s u l f u r  and t h e  amount of  t h e  i n o r g a n i c  ( i . e . ,  p y r i t i c  p l u s  s u l -  
f a t i c )  s u l f u r ,  a c c o r d i n g  t o  ASTM p r o c e d u r e s .  

Attempts  t o  i d e n t i f y  and q u a n t i t a t i v e l y  d e t e r m i n e  o r g a n i c  s u l f u r  
f u n c t i o n s  i n  c o a l  have  been few. On t h e  b a s i s  o f  v e r y  s p a r s e  d a t a ,  i t  
i s  g e n e r a l l y  assumed t h a t  t h e  o r g a n i c  s u l f u r  i n  c o a l  c a n  be  d e s c r i b e d  
a lmost  comple te ly  by t h e  f o l l o w i n g  c l a s s e s :  

a P r e s e n t  a d d r e s s :  Dept .  of Chemical  E n g i n e e r i n g ,  U n i v e r s i t y  of  Minnesota ,  
Minneapol i s ,  MN 55455 
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Class 1. A l i p h a t i c  o r  a r o m a t i c  t h i o l s  (mercaptans ,  
t h i o p h e n o l s ) :  R-SH, Ar-SH 

Class 2 .  A l i p h a t i c ,  a r o m a t i c ,  o r  mixed s u l f i d e s  
( t h i o e t h e r s ) :  R-S-R, Ar-S-Ar, R-S-Ar 

Class 3. A l i p h a t i c ,  a r o m a t i c ,  or mixed d i s u l f i d e s  
( b i s t h i o e t h e r s ) :  R-SS-R, Ar-SS-Ar, R-SS-Ax 

Class 4 .  H e t e r o c y c l i c  compounds o f  t h e  t h i o p h e n e  t y p e :  
e .g., d i b e n z o t h i o p h e n e  

It i s  g e n e r a l l y  assumed t h a t  any chemica l  d e s u l f u r i z a t i o n  p r o c e s s  
that can  remove o r g a n i c  s u l f u r  w i l l  do s o  because  of t h e  r e a c t i v i t y  of  
compounds i n  C l a s s  1, 2 ,  and 3. H e t e r o c y c l i c  compounds i n  Class 4 are 
ext remely  s t a b l e  t o  chemica l  a t t a c k  and h i g h  t e m p e r a t u r e .  

The fundamental  approach  i n  t h i s  s t u d y  i s  b a s e d  on t h e  d i f f e r e n t  
r e a c t i v i t y  of  methyl  i o d i d e  toward d i f f e r e n t  o r g a n o s u l f u r  f u n c t i o n s  t o  
produce su l fonium compounds. The g e n e r a l  scheme o f  r e a c t i o n s  f o r  t h e  
v a r i o u s  c l a s s e s  o f  s u l f u r  groups  can  b e  summarized a s  f o l l o w s  ( 7 ) :  

1. H e r c a p t a n s :  

R-SH + CH I ---t R-S-CH + H I  3 3 
+ - 

R-S-CH3 + CH I *R-S -(CH ) 3 3 2 I  

2. S u l f i d e s :  

+ 
R-S-R + CH I - R2S -CH I- 3 3 

3. D i s u l f  i d y  : 

+ 
R-SS-R + 4 CH 1 - 2  R-S (CH3)2 I- + I2 3 

4 .  H e t e r o c y c l i c  compounds: 

Dibenzoth iophene  + CH I + n o  r e a c t i o n  3 

3 )  

4 )  

The r e a c t i o n  of c o a l  w i t h  methyl  i o d i d e  w a s  used p r e v i o u s l y  ( 8 )  
t o  de te rmine  t h e  t h i o e t h e r  c o n t e n t  of c o a l  by measur ing  t h e  u p t a k e  o f  
i o d i n e ,  presumably a s s o c i a t e d  as i o d i d e  w i t h  t h e  s u l f o n i u m  compounds. 
But t h e  i o d i n e  u p t a k e  is n o t  a t r u e  measure of t h e  t h i o e t h e r  c o n t e n t  
because  o t h e r  compounds, n o t a b l y  h e t e r o c y c l i c  n i t r o g e n  compounds, can  
al.so r e a c t  r e s u l t i n g  i n  u p t a k e  o f  i o d i n e .  To overcome t h i s  d i f f i c u l t y ,  
t h e  s u l f o n i u m  compounds were washed o u t  w i t h  a s o l v e n t  l i k e  a c e t o n e ,  
and t h e  d e c r e a s e  i n  t h e  s u l f u r  c o n t e n t  was t h e n  t a k e n  as t h e  i n d i c a t o r  
of t h e  t h i o e t h e r  c o n t e n t  ( 7 ) .  A s i m i l a r  p r o c e d u r e  w a s  adopted  i n  t h i s  
work. 



Exper imenta l  

Ma t er i a l  s 

The c o a l  used i n  t h i s  s t u d y  was a h i g h - v o l a t i l e  b i tuminous  c o a l  
from t h e  Star mine i n  Mahaska County, Iowa. The c o a l  w a s  p u l v e r i z e d ,  
s c r e e n e d  us ing  U.S. S tandard  sieves, d r i e d ,  and a n a l y z e d  f o r  a s h ,  h e a t -  
i n g  v a l u e ,  and s u l f u r  d i s t r i b u t i o n  by ASTM p r o c e d u r e s .  

F r e s h  methyl  i o d i d e  was used d i r e c t l y  from t h e  r e a g e n t  b o t t l e .  I n  
some exper iments ,  t h e  r e a g e n t  was c l e a n e d  by s h a k i n g  w i t h  mercury ,  b u t  
no s i g n i f i c a n t  d i f f e r e n c e  was n o t i c e d  i n  t h e  r e s u l t s .  

Methyl I o d i d e  Reac t ion  

A s l u r r y  o f  20  g c o a l  and 30 m l  methyl  i o d i d e  was p laced  i n  a l a r g e  
test t u b e ,  covered w i t h  f o i l ,  and a l lowed t o  s t a n d  f o r  3 days  a t  room 
t e m p e r a t u r e .  The s l u r r y  was then  f i l t e r e d  and washed w i t h  a b o u t  2 1. 
a c e t o n e  t o  remove r e a c t i o n  p r o d u c t s  and u n r e a c t e d  methyl  i o d i d e ,  u n t i l  
t h e  test  f o r  i o d i d e  ( s i l v e r  n i t r a t e )  was n e g a t i v e .  The t r e a t e d  c o a l  
was d r i e d  and ana lyzed  a g a i n .  Q u a l i t a t i v e  tests f o r  r e s i d u a l  i o d i d e  
i n  t h e  t r e a t e d  c o a l  (hydrogen p e r o x i d e  t r e a t m e n t  fo l lowed by e x t r a c t i o n  
of  i o d i n e  i n t o  a benzene l a y e r )  showed o n l y  t r a c e s  o f  i o d i d e .  The 
methyl  i o d i d e  t r e a t m e n t s  w e r e  r e p e a t e d  on enough c o a l  samples  t o  p r o v i d e  
a s t o c k  of t r e a t e d  c o a l  t o  be  used f o r  t h e  o x y d e s u l f u r i z a t i o n  e x p e r i m e n t s .  

O x y d e s u l f u r i z a t i o n  of Coal  i n  Autoc lave  

The c o a l  ( 4 0  g)  was leached  f o r  1 h r  w i t h  400 m l  s o l u t i o n  i n  a 
I - l i t e r  a u t o c l a v e  d e s c r i b e d  p r e v i o u s l y  (1). The l e a c h i n g  w a s  done a t  
1 5 O o C  under  50 o r  200 p s i a  oxygen p a r t i a l  p r e s s u r e .  For  non-oxid iz ing  
c o n d i t i o n s ,  a p a r t i a l  p r e s s u r e  of 5 0  p s i a  n i t r o g e n  was used.  Water o r  
0 . 2  E sodium c a r b o n a t e  was used as t h e  l e a c h i n g  s o l u t i o n .  
from t h e  a1kal i ;e  l e a c h i n g  s t e p  were  l e a c h e d  f o r  a second t ime,  a l s o  
f o r  1 h r  a t  150 C ,  u s i n g  w a t e r ,  0 .1  E s u l f u r i c  a c i d ,  0 . l M  p h o s p h o r i c  
a c i d ,  o r  0 . 2  M sodium c a r b o n a t e  i n  a n i t r o g e n  atmosphere.  

The r e s i d u e s  

C a l c u l a t i o n s  

I n  o r d e r  t o  a c c o u n t  f o r  t h e  d i f f e r e n t  l e v e l s  of  a s h  i n  t h e  v a r i o u s  c o a l  
r e s i d u e s ,  t h e  s u l f u r  c o n t e n t  was c o n v e r t e d  from weight  p e r c e n t  t o  pounds 
of  s u l f u r  p e r  m i l l i o n  Btu. T h i s  c o n v e r s i o n ,  i n  e f f e c t ,  a l lowed t h e  com- 
p a r i s o n  of t h e  o r g a n i c  s u l f u r  c o n t e n t  i n  t h e  o r g a n i c  
p o r t i o n  of t h e  c o a l .  

( i . e . ,  c o m b u s t i b l e )  

I n  a few cases, t h e  h e a t i n g  v a l u e  was n o t  a c t u a l l y  de te rmined  b u t  
was c a l c u l a t e d  u s i n g  a formula  (l), based  on t h e  assumpt ion  t h a t  t h e  
a s h - f r e e  h e a t i n g  v a l u e  is r e l a t i v e l y  c o n s t a n t  f o r  t h e  same c o a l ,  r e g a r d -  
less of t h e  t r e a t m e n t  c o n d i t i o n s .  
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R e s u l t s  and D i s c u s s i o n  

Removal of S u l f u r  b y t h e  Methyl I o d i d e  Trea tment  

The r e s u l t s  of t r e a t i n g  c o a l  w i t h  methyl  i o d i d e  are p r e s e n t e d  i n  
T a b l e  1. Based on t h e  pounds o f  s u l f u r  p e r  m i l l i o n  Btu,  t h e  methyl  
i o d i d e  t r e a t m e n t  removed, on t h e  a v e r a g e ,  4 8 . 3 %  of t h e  o r g a n i c  s u l f u r .  
T h i s  seems t o  i n d i c a t e  t h a t  a t  l e a s t  one-ha l f  of t h e  o r g a n i c  s u l f u r  
i s  i n  t h e  c l a s s  t h a t  i s  reactive toward methyl  i o d i d e .  S ince  t h i o p h e n i c  
compounds a r e  u n r e a c t i v e  and d i s u l f i d e  groups  r e a c t  t o o  s lowly  a t  room 
tempera tu re ,  t h e  r e a c t i v e  p o r t i o n  of t h e  o r g a n i c  s u l f u r  i s  p robab ly  of 
t h e  s u l f i d e  and mercap tan  c l a s s e s .  

F u r t h e r  t e s t s  were run  by t r e a t i n g  m i n e r a l  p y r i t e  w i t h  methyl  
i o d i d e  under s i m i l a r  c o n d i t i o n s  and then  washing  w i t h  a c e t o n e .  No 
r e a c t i o n  was o b s e r v e d ;  t h e  s u l f u r  c o n t e n t  w a s  u n a f f e c t e d .  A l s o ,  
s i m p l e  washing of c o a l  w i t h  2 1. of a c e t o n e  (wi thou t  p r i o r  methyl  i o d i d e  
t r e a t m e n t )  d i d  n o t  a l t e r  s i g n i f i c a n t l y  t h e  a s h  c o n t e n t ,  h e a t i n g  v a l u e ,  
and s u l f u r  d i s t r i b u t i o n  of t h e  c o a l .  

Another p o s s i b l e  e x p l a n a t i o n  f o r  t h e  r e d u c t i o n  of t h e  o r g a n i c  
s u l f u r  may be  o f f e r e d  i f  methyl  i o d i d e  s imply  m e t h y l a t e s  t h e  c o a l ,  
t h u s  i n c r e a s i n g  i t s  o r g a n i c  c o n t e n t  and d e c r e a s i n g  t h e  s u l f u r  c o n t e n t  
by " d i l u t i o n . "  I f  t h i s  o b s e r v a t i o n  were  a r e f l e c t i o n  of a m e t h y l a t i n g  
e f f e c t ,  then  t h e  h e a t i n g  v a l u e  should  have i n c r e a s e d ,  t h e  a s h  c o n t e n t  should  
have  dec reased ,  and t h e  " d i l u t i o n "  shou ld  a p p l y  t o  a l l  t y p e s  of s u l f u r  
i n  c o a l .  Yet t h e  changes  i n  a s h  c o n t e n t ,  h e a t i n g  v a l u e ,  and weight  
r e c o v e r y  were i n s i g n i f i c a n t ;  and t h e  p y r i t i c  and  s u l f a t i c  s u l f u r  v a l u e s  
w e r e  f a i r l y  c o n s t a n t .  It seems, t h e r e f o r e ,  that  o r g a n i c  s u l f u r  was 
r e a l l y  removed by t h i s  p rocedure .  It i s  n o t  known, however,  by what 
mechanism t h e  s u l f o n i u m  s a l t s  are washed away. 

Removal of S u l f u r  by O x i d a t i v e  Leach ing  

The r e s u l t s  o f  l e a c h i n g  t h e  methyl  i o d i d e - t r e a t e d  c o a l  are pre- 
s e n t e d  i n  Tab le  2 .  The s u l f u r  c o n t e n t  should  be  compared n o t  on ly  
t o  t h a t  of t h e  i n i t i a l  c o a l  b u t  a l s o  t o  t h a t  o f  t h e  me thy l  i od ide -  
t r e a t e d  c o a l  ir! Tab le  2 .  It c a n  be  s e e n  t h a t  l e a c h i n g  w i t h  a l k a l i  o n l y ,  
(sample'No. 016D), i n  t h e  absence  of oxygen, d i d  n o t  have  any e f f e c t  
on  t h e  s u l f u r  c o n t e n t .  When l e a c h i n g  i n  t h e  p r e s e n c e  of oxygen, t h e  
t o t a l  s u l f u r  c o n t e n t  d e c r e a s e d ,  l a r g e l y  because  of a d e c r e a s e  i n  t h e  
i n o r g a n i c  s u l f u r  c o n t e n t .  The t o t a l  s u l f u r  c o n t e n t  w a s  lower  when 
h i g h e r  oxygen p a r t i a l  p r e s s u r e s  were used o r  when t h e  l e a c h i n g  s o l u t i o n s  
were a l k a l i n e .  The o r g a n i c  s u l f u r  c o n t e n t  was r e l a t i v e l y  c o n s t a n t ,  a l -  
though i t  appea red  s l i g h t l y  h i g h e r  under  n o n - a l k a l i n e  c o n d i t i o n s  when 
water on ly  w a s  used  as t h e  l e a c h a n t .  
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In  T a b l e  3 r e s u l t s  are p r e s e n t e d  f o r  d e s u l f u r i z a r i o n  e x p e r i m e n t s  
i n  which a second l e a c h i n g  s t e p  was added a f t e r  t h e  f i r s t  l e a c h i n g  
s t e p  w i t h  a n  a l k a l i n e  s o l u t i o n .  The a d d i t i o n a l  l e a c h i n g  was done i n  
a non-oxid iz ing  n i t r o g e n  a tmosphere ,  u s i n g  water, s u l f u r i c  a c i d ,  
phosphor ic  a c i d ,  o r  sodium c a r b o n a t e  s o l u t i o n s .  As ide  from one  r u n  
which a p p e a r s  t o  be  anomalous,  t h e  t o t a l  s u l f u r  c o n t e n t  d i d  n o t  seem 
to  be reduced by t h e  second l e a c h i n g  s t e p .  

The o r g a n i c  s u l f u r  c o n t e n t ,  however ,  a p p e a r s  t o  b e  s l i g h t l y  h i g h e r  
t h a n  that  o b t a i n e d  a f t e r  one  l e a c h i n g  s t e p ,  under  a l k a l i n e  c o n d i t i o n s  
and i n  t h e  p r e s e n c e  of  oxygen. I t  may be  p o s s i b l e  t h a t  under  t h e  n i t -  
rogen  atmosphere o f  t h e  second s t e p ,  some of  t h e  p y r i t e  may be  c o n v e r t e d  
t o  elemental s u l f u r .  Such a c o n v e r s i o n  would be c h a r a c t e r i z e d  by a de- 
c r e a s e  i n  t h e  p y r i t i c  s u l f u r ,  an i n c r e a s e  i n  t h e  o r g a n i c  s u l f u r ,  b u t  no 
change i n  t h e  t o t a l  s u l f u r .  Such a convers ion  would a l s o  be  f a v o r e d  
by a c i d i c  c o n d i t i o n s .  

I M e t b l  I o d i d e  Trea tment  of  Oxydesul fur ized  Coal  

The r e s u l t s  i n  Table  4 show t h e  e f f e c t  of methyl  i o d i d e  t r e a t m e n t  
on S t a r  c o a l  t h a t  had  been  p r e c l e a n e d  by a f l o a t - s i n k  t e c h n i q u e  and 
s u b s e q u e n t l y  l e a c h e d  f o r  1 h r  w i t h  0 .2  fl sodium c a r b o n a t e  a t  15OoC 
under  50 o r  200 p s i a  p a r t i a l  p r e s s u r e  of oxygen. 
s u l f u r  v a l u e s  i n  T a b l e  1, t h e  c l e a n i n g  and l e a c h i n g  a p p a r e n t l y  removed 
o n l y  t h e  i n o r g a n i c  s u l f u r ,  l e a v i n g  t h e  o r g a n i c  s u l f u r  c o n t e n t  l a r g e l y  
u n a f f e c t e d .  Leaching a t  h i g h e r  oxygen p a r t i a l  p r e s s u r e  seemed t o  remove 
more t o t a l  s u l f u r .  

By comparison w i t h  t h e  

C u r i o u s l y ,  s u b s e q u e n t  t r e a t m e n t  of t h e  leached  c o a l  w i t h  methyl  
i o d i d e  d i d  n o t  seem t o  remove any o r g a n i c  s u l f u r  a s  i t  d i d  when 
a p p l i e d  t o  t h e  r a w ,  un leached  c o a l  ( s e e  Tab1.e 1). T h i s  l a c k  o f  
r e a c t i v i t y  may b e  dueoto  p h y s i c a l  changes i n  t h e  c o a l  caused  by t h e  
h i g h  t e m p e r a t u r e  (150 C) of  t h e  l e a c h i n g .  A l t e r n a t i v e l y ,  t h e  chemica l  
l e a c h i n g  may have caused  a c o n v e r s i o n  of  r e a c t i v e  o r g a n o s u l f u r  g r o u p s  
i n t o  u n r e a c t i v e  groups .  Perhaps  a l s o  t h e  d i f f e r e n c e  i n  t h e  p a r t i c l e  
s i z e  (-200 mesh i n  t h i s  set of e x p e r i m e n t s  compared t o  -150/+200 mesh 
i n  p r e v i o u s  exper iments )  can  be  a c o n t r i b u t i n g  f a c t o r .  

Conclus ions  

Treatment  of  c o a l  w i t h  methyl  i o d i d e  fo l lowed by e x t e n s i v e  
washing w i t h  a s o l v e n t  t o  remove t h e  r e a c t i o n  p r o d u c t s  h a s  been used 
t o  remove a p p r o x i m a t e l y  one-half  o f  t h e  o r g a n i c  s u l f u r  c o n t e n t  i n  a n  
Iowa h i g h  v o l a t i l e  b i t u m i n o u s  c o a l .  The p y r i t i c  and s u l f a t i c  s u l f u r  
c o n t e n t  was n o t  a f f e c t e d  by t h e  m e t h y l  i o d i d e  t r e a t m e n t .  Washing t h e  
c o a l  w i t h  s o l v e n t  o n l y  d i d  no t  produce any e f f e c t  e i t h e r .  On t h e  b a s i s  
of chemica l  r e a c t i o n s  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  i t  is assumed t h a t  
t h e  r e a c t i v e  s u l f u r  groups  t h a t  were removed by t h i s  t r e a t m e n t  may 
be o r g a n i c  s u l f i d e s  or mercaptans .  
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Subsequent  l e a c h i n g s  of  t h e  methyl  i o d i d e - t r e a t e d  c o a l  under  v a r i o u s  
c o n d i t i o n s  o f  o x y d e s u l f u r i z a t i o n  d i d  n o t  r e d u c e  f u r t h e r  t h e  o r g a n i c  
s u l f u r  c o n t e n t .  The i n o r g a n i c  s u l f u r  c o n t e n t ,  however, was reduced  
by t h e  o x y d e s u l f u r i z a t i o n  s t e p s .  I t  can  b e  assumed t h a t  a l l  t h e  
r e a c t i v e  and a c c e s s i b l e  o r g a n i c  s u l f u r  was removed by  t h e  methyl 
i o d i d e  t r e a t m e n t ,  and f u r t h e r  chemical  d e s u l f u r i z a t i o n  w a s  d i r e c t e d  
o n l y  a g a i n s t  t h e  i n o r g a n i c  s u l f u r .  

When t h e  c o a l  was f i r s t  p r e c l e a n e d  by a f l o a t - s i n k  t e c h n i q u e  and 
then  leached  by t h e  o x y d e s u l f u r i z a t i o n  p r o c e d u r e ,  t h e  o r g a n i c  s u l f u r  
c o n t e n t  was n o t  a f f e c t e d  by subsequent  t r e a t m e n t  w i t h  methyl  i o d i d e .  
T h i s  l a c k  o f  r e a c t i v i t y  of  t h e  o r g a n i c  s u l f u r  toward methyl  i o d i d e  may 
be caused  by p h y s i c a l  o r  chemica l  changes i n  t h e  c o a l  b r o u g h t  a b o u t  
by the h igh  t e m p e r a t u r e  o r  chemica l  n a t u r e  of t h e  o x y d e s u l f u r i z a t i o n  
p r o c e s s .  
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Table  1. E f f e c t  of methyl  i o d i d e  (MeI) t r e a t m e n t  and a c e t o n e  (Me2CO) 
washing on s u l f u r  c o n t e n t  of c o a l . a  

6 Trea t -  H . V . ,  Ash, S C o n t e n t ,  l b . / 1 0  Btu. S Redn. ,  % 
No. ment B t u . / l b .  % Tot. Pyr .  S u l f .  Org. Org. T o t .  

O O l D  None 12579 8 .34  2.02 0 .98  0 .15  0 .89  -- -- 
029D Me2C0 12495 8 . 9 5  2.06 1 . 0 8  0 .20  0.78 -- -- 
003 Me1 + Me2C0 12552 8.29 1 . 6 8  1 . 0 8  0 .17  0 .43  50 .6  1 6 . 8  

004 Me1 + Me2C0 12490 8.46 1 .62  1 . 1 8  0 .14  0 .30  6 6 . 3  1 9 . 8  

005 Me1 + Me CO 12506 8 .57  1.78 -1.04 0 . 1 0  0.64 2 8 . 1  1 1 . 9  

Ave (of 003 ,  004,  005) 12516 8 . 4 4  1 .70  1.10 0.14 0.46 4 8 . 3  1 5 . 8  
2 

a s t a r  c o a l  (-150/+200 mesh) .  

b'lD" d e n o t e s  a v e r a g e  of  d u p l i c a t e  a n a l y s i s .  

T a b l e  2. One-step o x y d e s u l f u r i z a t i o n  of  Me1 - t r e a t e d  c o a l . a  

SampAe Leach 0 P r e s s . ,  H . V . ,  Ash, 
No. s o l n .  p s i a  B t u . / l b .  % 

O O l D  -- None -- 12579 8 .34  

M e 1  -- 12516 8.44 Ave. of 003, _ _  
004,  005 

50 12046 6.75 013 H2° 
006 Na2C03 50 10220 12.90 

014D H2° 200 11818 6.68 

012 Na2C03 200 11787 13 .02  

016D Na2C03 OC 12245 7 . 4 1  

6 S Content ,  l b . / 1 0  Btu. 
T o t .  Pyr .  S u l f .  Org. 

2.02 0 .98  0.15 0.89 

1 .70  1.10 0.14 0.46  

1 . 2 8  0.44 0.17 0.67 

1 . 2 1  0 .52 0 .16  0 .53  

1.06 0.20 0.12 0.75 

0 .91  0.39 0 . 0 8  0.44 

1 . 6 3  0.95 0 . 1 1  0.57 

astar c o a l  (-150/+200 mesh) ,  t r e a t e d  w i t h  Me1 and t h e n  l e a c h e d  1 h r  a t  
150°C w i t h  H20 o r  0 . 2  Na2C03 under  50  o r  200 p s i a  02. 

b''D" d e n o t e s  a v e r a g e  of d u p l i c a t e  a n a l y s i s .  

%on-oxidizing a tmosphere  of  50  p s i a  N p a r t i a l  p r e s s u r e .  2 
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T a b l e  3. Two-step d e s u l f u r i z a t i o n  of Me1 - t r e a t e d  c o a l . a  
- 

6 Sarnphe 2nd s t e p  H . V . ,  Ash, S C o n t e n t ,  l b . / 1 0  Btu.  
No. Leach Btu.  /lb. % T o t .  P y r .  S u l f .  Org. 

1st Leach S t e p  w i t h  0 . 2  

11119 14 .28  1 .30  0.67 0.03 0 .60  

6.72 1 . 2 4  0.46 0.05 0.73 

018D 

020D 0.1 H2S04 11529 

023 0.1 H3P04 11479 12 .26  1 . 3 1  0 .53  0 .03  0 . 6 3  

024D 0.2 5 Na2C03 9042 13.33 1.20 0.52 0.07 0 . 6 1  

Na2C03 under  5 0  p s i a  O2 

HZO 

2 
1st Leach S t e p  w i t h  0 .2  E Na2C03 under  200 p s i a  0 

11763' 9 .32 0.86 0.21 0.05 0.60 02 7 D  

035D 0.1 E H2S@4 11614' 6 . 0 3  1 . 0 3  0.30 0.08 0 . 6 5  

0 3 i n  0.1 fi H3P04 11478' 1 2 . 2 7  1 .16  0.52 0.05 0.59 

0 . 2  _M Na CO 9831 19 .65  1 .20  0.65 0.08 0 . 4 7  033D 

H2° 

2 3  __ - 

aSta& coal (-150/+200 mesh) ,  t r e a t e d  w i t h  Me1 and then  leached  1 h r  a t  
150 C wi th  0 .2  
1 a d d i t i o n a l  h r  a t  f 5 0 W  under  50  p s i a  N 2  w i t h  i n d i c a t e d  l e a c h  s o l u t i o n .  

Na CO3 under  50 o r  200 p s i a  @?. For 2nd s t e p ,  l e a c h e d  

b''D" d e n o t e s  a v e r a g e  o f  d u p l i c a t e  a n a l y s i s  

"H.V. c a l c u l a t e d .  

Table  4. Methyl  i o d i d e  (MeI) t r e a t m e n t  of l e a c h e d  c o a l . a  
~~ 

SampAe 
No. Treatment  

~~ ~~ ~ ~ ~~ 

6 
H . V . ,  Ash, S C o n t e n t ,  lb./10 Btu.  

B t u . / l b .  % Tot.  P y r .  S u l f .  Org. 

06OD Leached u n d e r  
50 p s i a  O2 9162 9 .53  1 . 2 9  0.24 0 . 0 5  1.00 

Sample 060D 11370 10 .63  1 .26  0.24 0 . 0 1  1.01 

p s i a  0 10810 1 1 . 7 1  1 . 0 4  0 .11  0.02 0 . 9 1  

Sample 064 11534 1 0 . 5 6  0 . 9 6  0.10 0.01 0.85 

062D Me1 t r e a t m e n t  of 

@64 Leached under  200 

065D Me1 t r e a t m e n t  o f  

a s t a r  c o a l  (-200 mesh) p r e c l e a n e d  and l e a c h e d  1 h r  a t  15OoC w i t h  0 . 2  E Na2C03 

b*fD" d e n o t e s  a v e r a g e  of d u p l i c a t e  a n a l y s i s .  
2' 

under  50 o r  200 p s i a  0 
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